A simple, rapid, selective, and quantitative high-performance thinlayer chromatographic (HPTLC) method has been developed for the determination of plumbagin in the extract of Plumbago zeylanica Linn. roots of different geographical sources and on marketed formulation. Densitometric analysis of plumbagin was carried out in the absorbance mode at 268 nm. The method gave spot at R F 0.58 corresponding to plumbagin. The limit of detection (30 ng) and limit of quantification (90 ng) were confirmed with the mobile phase nbutanol-chloroform-petroleum ether (0.8:1.2:4.0) . Linear regression analysis data for the calibration plot for plumbagin showed good linear relationship with r 2 = 0.9981 in the concentration range of 225 ng to 675 ng per spot. The method was validated for sensitivity, linearity, accuracy, precision, and specificity as per the International Conference on Harmonization (ICH) guidelines. After development and validation, the method was applied for the isolation of plumbagin from the extract. Other preliminary studies were also carried out on the raw material like determination of extractive value, ash value, loss on drying, trace metal analysis, and preliminary phytochemical screening.
Introduction
Plumbago zeylanica is commonly known as white chitraka or leadwort. It is native to West Africa and belongs to the family Plumbaginaceae [1] . Chitraka consists of dried mature root, a large perennial subscandent shrub, found throughout India in wild state and occasionally cultivated in gardens. The plants contain a number of naphthoquinone derivatives, viz., plumbagin, 3-chloroplumbagin, 3,3'-biplumbagin, elliptinone, chitranone, zeylinone, isozeylinone, droserone, plumbagic acid, plumbazeylanone, naphthelenone, and isoshinanolone [2, 3] .
It is widely used in folk medicine for the treatment of dysmenorrhea, carbuncles, contusion of the extremities, and ulcers and elimination of intestinal parasites in a number of countries including India, Africa, Pakistan, Bangladesh, Sri Lanka, and Australia. The plant is also effective against rheumatic pain, sprains, scabies, skin diseases, and wounds [3] [4] [5] [6] . Owing to its established therapeutic properties, the roots of P. zeylanica have been used for research work.
Plumbagin is a novel inhibitor of the growth and invasion of hormone-refractory prostate cancer [7] , squamous cell carcinomas (SCC) [8] , breast cancer, and pancreatic cancer and also shows antioxidant, antimicrobial, and antifungal activities [3, 5] . Figure 1 shows the structure of plumbagin.
Literature survey reveals that thin-layer chromatography (TLC) [9] , high-performance thin-layer chromatography (HPTLC) [10, 12] , and high-performance liquid chromatography (HPLC) [11, 12] methods are reported for the estimation of plumbagin. However, these methods suffer from drawbacks such as tediousness [9, 10] , expensiveness [9] , less sensitivity [10] [11] [12] , and poor resolution [12] . Hence, an attempt has been made to study the analytical aspects of P. zeylanica (root) using "plumbagin" as characterizing compound for quantitative analysis of plumbagin in plant extract and its application on marketed formulation.
Experimental

Working Standard
The working standard of plumbagin (99+%, assayed by HPLC) was purchased from Acquaint Technologies & Services (Hyderabad, India).
Plant Material and Formulation
The chitraka root of P. zeylanica was procured from the Local Market, Mumbai (MH) and Damoh (MP). It was identified and authenticated by the Agharkar Research Institute, Pune, and voucher number was allotted for Mumbai variety: "R-166" and for Damoh variety: "R-169".
Commercially available Chitrakadi vati (Product of Baidyanath) containing Chitraka mool, Piplamul, Sajjikshar, Panch-Lavan, Trikatu, Hing, Ajowan, and Chavya were procured from Arihant Ayurvedic Bhandar, Ghatkopar East Mumbai (MH), India.
Equipments
The HPTLC system employed for method development and validation was Linomat V Applicator, twin-through chamber (both from CAMAG, Muttenz, Switzerland), CAMAG HPTLC System 100 µL Hamilton syringe, and silica gel 60 F 254 precoated HPTLC plates (20 × 10 cm) E. Merck Germany, supplied from CAMAG.
Chemicals and Solvents
n-Butanol, chloroform, ammonium acetate, and acetic acid of analytical grade, and petroleum ether (60-80°) of HPLC grade were procured by Qualigens Fine Chemicals (Mumbai, India). Acetonitrile and methanol used were of HPLC grade and pro-cured from Merck (Darmstadt, Germany). Milli-Q system (Millipore) was used to make HPLC grade water.
Preparation of Standards
Ten milligrams of working standard plumbagin were accurately weighed and dissolved in 10 mL methanol to get a stock solution of 1 mg mL −1 . Further dilutions were made in methanol to get a standard of 2, 6, and 15 μg mL −1 .
Preparation of Sample
The roots of P. zeylanica were powdered and passed through sieve of 40 mesh size. The powder (50 g) was extracted with methanol (1000 mL) by cold maceration for 24 h. The extract obtained was filtered and concentrated to get dried extract by evaporating the solvent. Ten milligrams of the dried extract were dissolved in 10 mL methanol to prepare 1 mg mL −1 solution, suitably diluted and used for further studies.
The same procedure was applied for the marketed formulation (chitrakadi vati).
HPTLC Conditions
HPTLC plates silica gel 60 F 254 precoated plates (20 × 10 cm) were used with n-butanol-chloroform-petroleum ether (0.8:1.2:4, v/v) as mobile phase. Samples and plumbagin standard solution were applied on plate by using CAMAG Linomat V Applicator. CAMAG twin-through glass chamber (20 × 10 cm) was used for development of TLC plate. The twin-trough glass chamber was saturated with mobile phase for 15 min, with humidity level of 65% ± 5% RH and room temperature of 25 ± 2°C. HPTLC plates were developed up to 90 mm. After drying for 30 min, the plate was scanned using Desaga Scanner at wavelength of 268 nm. Proquant integrated software was used for the detection as well as for the evaluation of data.
Preliminary Studies
Determination of extractive value, ash value, loss on drying, and foreign organic matter was performed according to the Ayurvedic Pharmacopoeia of India for roots only [13] . The calibration curve of plumbagin.
Results and Discussion
Limit of Detection (LOD) and Limit of Quantification (LOQ)
LOD and LOQ were determined by injecting progressively low concentration of standard solutions found to be 30 ng spot −1 and 90 ng spot −1 , respectively. The LOD and LOQ values reveal that the developed method shows very good sensitivity.
Linearity and Range
The linearities of peak areas versus different concentrations were evaluated for plumbagin ranging from 225 to 675 ng spot −1 . Each set of linearity solutions was spotted with optimized chromatographic conditions for five times. The calibration plot (Figure 2 ) was obtained by plotting mean peak area against standard concentration. The equation of the calibration plot was found as y = 1.0747x + 182.15. The plot was linear in concentration range of interest with a correlation coefficient of 0.9981. Statistical and linear regression data are shown in Table 1 .
Precision and Accuracy
Precision and accuracy studies were carried out at three different concentrations, namely, 360, 450, and 540 ng spot −1 for intraand inter-day studies. The results given in Table 2 stand for a quite good trueness of the proposed method particularly considering inter-and intra-day analysis. The % RSD was found to be within the specified limits (not more than 2) for intra-and interday precision. Figure 3 shows the specificity of the method for the quantitative analysis of plumbagin in the plant extract. The method was quite selective for plumbagin since there was no other interfering peak around R F of plumbagin. The chromatogram shows that plumbagin content was free from interference by other constituents present in the extract.
Specificity
Solution Stability
The refrigerated (1 week) stability of the standard solutions was tested. The stability of solutions was determined by comparing the results of the freshly prepared standard solutions. The results are mentioned in Table 3 , which indicate that standard solution is stable in refrigerated condition.
Preliminary Studies
Results for the preliminary studies are shown in Table 4 .
Quantification of Plumbagin in the Root Extract
Sample solution (1 mg mL −1 ) of root and marketed formulation extract was prepared in methanol, and 25 μL of solution (1 mg mL −1 ) were spotted under the same chromatographic conditions; the chromatograms were recorded in triplicate. The amount of plumbagin present in extract and marketed formulation was determined by comparing the peak area from the standard. The results are furnished in Table 5 .
Isolation of Plumbagin
Stock solution was prepared by dissolving 500 mg of extract in 10 mL of methanol followed by ultrasonication for 5 min so as to get a concentration of 50 mg mL −1 . This stock solution was filtered through Whatman filter (0.45 µ) and used for the isolation of plumbagin.
The same developed optimized HPTLC method was used for the isolation of plumbagin. After development of preparative HPTLC, the constituent at R F 0.58 was marked and scraped out the plate. The separated constituent was eluted from the stationary phase by use of methanol. Silica gel was removed from the solution by centrifugation at 3000 rpm, and supernatant solution was evaporated at room temperature to get isolated constituent plumbagin. Figure 4 ) of the isolated plumbagin was carried out to find out the experimental wavelength. Peak purity of isolated plumbagin was confirmed using HPLC, spectra shown in 183 Table 2 Precision and accuracy data. The HPTLC chromatogram of the extract. The UV spectra of the isolated plumbagin.
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The HPLC chromatogram of the isolated plumbagin. Figure 5 . Optimized HPLC conditions used to confirm the peak purity of isolated plumbagin are given in Table 6 .
Conclusion
The proposed HPTLC method is simple, rapid, accurate, reproducible, selective, and economic and can be used for routine quality control analysis of P. zeylanica Linn. (root) powder and quantitative determination and isolation of plumbagin from extract of root powder. Table 6 Optimized HPLC conditions for isolated plumbagin. 
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